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ABSTRACT

Coring in two adjacent holes at DSDP Site 585 (13.5°N, 156.8°E) recovered lower Tertiary through Aptian sedimen-
tary rocks. The paleolatitudes of each hole from the late Aptian through Paleocene were derived from an extensive set
of paleomagnetic minicores. Each sample underwent progressive thermal demagnetization, and the characteristic direc-
tion of magnetization was derived from the region of stable directions. True mean inclinations were computed for each
lithologic unit and for each stage or pair of stages, using the method of Kono (1980b). The results yield average paleo-
latitudes of 1°S for the Paleocene-Maestrichtian, 7°S for the Santonian-Turonian, and 15°S for the Albian-late Apti-
an. The Aptian-Albian paleolatitudes agree with paleomagnetic results from DSDP Sites 462 and 289 in the western
central Pacific. The average rate of northward drift by the site was about 30 km/m.y. through the Late Cretaceous and
earliest Tertiary. The Maestrichtian paleolatitude agrees with a Pacific paleomagnetic pole computed by Gordon (1982)
from North Pacific data, but the site is about 12° farther north than predicted by Campanian and Cenomanian North
Pacific poles (Gordon, 1983; Gordon and Cox, 1980).

Recovery of the latest Cretaceous-early Tertiary sediments was inadequate to allow unique determination of the
magnetostratigraphy. No reversed interval could be identified within the late Aptian or early Albian.

INTRODUCTION

Site 585 of DSDP Leg 89 was drilled in the East Mar-
iana Basin of the western Pacific (13.5°N, 156.8°E).
Two adjacent holes (585 and 585A) bottomed in mid-
Cretaceous volcaniclastic turbidite sediments. The em-
phasis of the paleomagnetic sampling and analysis was
on determination of the site's paleolatitudes from the
Aptian to the present. Magnetostratigraphy was of lim-
ited usefulness because of the poor recovery and con-
densed nature of the uppermost Cretaceous and Tertiary
sediments.

The results are summarized separately for each sedi-
mentary unit. The preliminary paleomagnetic results in
the Site 585 report (this volume) were based on ship-
board measurements of natural remanent magnetization
(NRM) and shore-based measurements after partial de-
magnetization; in many cases, the final results after com-
plete thermal demagnetization treatment are significantly
different.

METHOD
Using a drill press, an average of two paleomagnetic minicores

(2.5 cm diameter, 2.4 cm length) were taken from each 1.5-m section
of recovered sedimentary rock from Cores 26 through 55 of Hole 585
and from Cores 1 through 22 of Hole 585A. These were drilled per-
pendicular to the axis of the core. The deviations of the holes from
vertical were measured during drilling with a downhole Kuster instru-
ment or after drilling by observing the tilt of laminae in the sediments
(Hole 585); the direction of deviation was determined from the paleo-
magnetic measurements and treated as a "structural correction" to the
mean inclination (as discussed later).

Moberly, R., Schlanger. S. O., et al., Init. Repts. DSDP, 89: Washington (U.S. Govt.
Printing Office).

2 Present address: Department of Geology and Geophysics, University of Wyoming, P.O.
Box 3006, Laramie, WY 82071.

Shipboard measurements of NRM were made using a Digico spin-
ner fluxgate magnetometer. This instrument has a 2 to 3° drift within
a set of 5 measurements, and displayed fluctuating sensitivity for sam-
ples having magnetization intensities of less than 10~2 A/m (10~5

emu/cm3), possibly as a result of the changing orientation of the sen-
sors with respect to the ambient field as the ship rolled in the seas.
Three months later, NRMs were remeasured on shore after the samples
had been stored in a magnetic-field-free space for several days; in
nearly every case the new NRM directions indicated loss of a down-
ward component, but showed no change in declination. This is inter-
preted as the partial removal, during transport and storage, of a vis-
cous remanent magnetization (VRM) vector oriented in the direction
of the present-day field at Site 585 (the mean dipole inclination is
+ 25.6°, but the present field has an inclination of 12.0° and a devia-
tion from true north of 5.0°E; present field intensity is 0.35 gauss).

Shore-based analyses and demagnetizations were conducted in a
steel-shielded room (internal field less than 1000 gammas) at the Uni-
versity of Wyoming. Depending on the intensity of magnetization, mea-
surements were made on a Schonstedt spinner magnetometer (using 3
or 6 sample orientations) or a two-axis ScT cryogenic magnetometer
(using 8 sample orientations: 90° rotation about Z axis and inverse
set, with 2 measurements in each orientation); both instruments were
on-line to a minicomputer. Supplemental samples were analyzed on an
ScT cryogenic magnetometer at the California Institute of Technology.
The background noise level of the cryogenic magnetometers is equiva-
lent to 2 × 10~6 A/m (2 × I0"9 emu/cm3) for a 10-cm3 sample. For
any demagnetization step, none of the sample intensities was less than
5 × 10~4 A/m, that is, two orders of magnitude greater than the
noise level.

Demagnetization procedures varied for each lithology, depending
upon the results from pilot samples. Alternating-field (AF) demagnet-
ization was performed on a single-axis Schonstedt AF demagnetizer.
Thermal demagnetization was done in non-inductively wound furnaces
with separate cooling chambers. In general, each sample was analyzed
at eight demagnetization steps to determine the stability of the charac-
teristic direction of magnetization.

The DSDP cores in general have no horizontal orientation control,
so one has only magnetic inclination to indicate polarity. For sedi-
ments deposited at middle to high paleolatitudes (over 15° from the
equator), inclination data alone are adequate; but for samples depos-
ited at low paleolatitudes, long-period secular variation and the uncer-
tainties associated with collection and analysis of the samples cause
inclination data to be ambiguous in many cases. Site 585 was predicted
to be in the vicinity of the equator during the earliest Tertiary. There-
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fore, the directional change of the magnetization vector during de-
magnetization was also used as an indicator of the polarity (e.g., a
declination shift of 180° between the NRM and the stable characteris-
tic directions was presumed to imply removal of a normal-polarity
present-day secondary overprint from a primary reversed direction).

During progressive thermal demagnetization, every sample of ev-
ery lithology displayed removal of a downward component of magne-
tization (probably VRM by the present field) at the early heating steps,
followed by an interval in which a stable direction was maintained as
the intensity of magnetization decreased. This region of stability was
considered to be the characteristic (primary or original) direction of
magnetization. A mean characteristic direction for each sample was
computed by averaging the results of the three to six thermal demag-
netization steps defining this interval of stability. This direction was
rated A, B, or C according to the standard deviation: less than 1.5° =
A; 1.5 to 3° = B; over 3° or uncertain polarity = C. For most of the
paleolatitude calculations, only A-rated values were used.

The true mean inclination, paleolatitude, and associated precision
parameters were computed following the method of Kono (1980a, b)
for calculating statistics of inclination data from unoriented vertical
drill cores. This method uses the mean and standard deviation of the
sines of the inclinations to compensate for the circular Gaussian (Fish-
erian) distribution of paleomagnetic vectors. A simple mean of the in-
clinations gives unrealistic importance to the higher values. Using the
mean and standard deviation of the sines, the true mean inclination /
and circular dispersion parameter K were measured (from chart in Ko-
no, 1980b, p. 3881). The other parameters were computed as follows
(Kono, 1980a, except as noted):

Radius of circle of 95% confidence interval on the true mean incli-
nation =

α 9 5 = - l][(N - l)/(K - l)N + 1]},

where N = number of samples.
Radius of circle of standard deviation (63% confidence interval)

= α 6 3 = 0.58 × α 9 5 (McElhinny, 1973, p. 80).
Paleolatitude of the site = Φ = tan~ 1 (0.5tan / ) .
Confidence intervals on paleolatitude =

dΦ = 0.5 (1 + 3sin2<£) dl

where dl = α 9 5 or α 6 3 of /, as desired.
Recently, Cox and Gordon (1984) derived another method for com-

puting mean true inclinations from drill-core data. Unlike the method
of Kono (1980b), which used the Fisherian circular distribution of the
magnetization directions, the method of Cox and Gordon uses a Fish-
erian distribution of the projected poles (virtual geomagnetic pole, or
VGP), as would result from secular variation; this distribution would
be seen as an egg-shaped distribution of the directions of magnetiza-
tion. The Cox and Gordon method is applicable with high precision to
instantaneous directions—for example, from basalt flows, which are
sampling discrete points on the curve of secular variation—whereas
the Kono method seems more applicable to directions from sediment
samples, which have an inherent averaging of several hundred years of
secular variation and should have a Fisherian distribution. For turbi-
dite sediments, such as those in the Albian-Aptian portion of the sec-
tion at Site 585, deposition was essentially instantaneous, but the mag-
netic direction is set over a much longer interval of time as the sedi-
ment dewaters and undergoes grain-grain compaction (as discussed
later). Therefore, the statistical method of Kono would also apply to
data from turbidites.

TIMING AND RELIABILITY OF
CHARACTERISTIC REMANENCE

Two major uncertainties in analyzing the Paleomag-
netism of sedimentary rocks are whether the primary
magnetization is revealed by the demagnetization proce-
dure and whether the direction of this primary magneti-
zation is identical to the ambient magnetic field at the
time the sediments were deposited. Unfortunately, it is
difficult to demonstrate that the correlative two condi-
tions of reliability are satisfied for an outcrop or a drilled

section of sedimentary rock; the arguments are largely
circumstantial, and usually rely on experimental evidence,
downhole variation in magnetization, magnetic proper-
ties, agreement with other studies, and other evidence,
plus some degree of unsupported intuition. It is beyond
the scope of this chapter to review all aspects of this top-
ic; a more detailed treatment may be found in textbooks
and recent review papers (e.g., Lowrie and Heller, 1982,
for marine limestones, and Champion et al., 1984, and
Coe et al., in press, for clastic and turbidite sediments).

The direction of magnetization obtained from paleo-
magnetic analysis of a rock is termed "characteristic"
because it is often impossible to demonstrate that it is
the primary direction unaffected by persistent overprints.
The technique of identifying characteristic directions and
overprints by using progressive demagnetization was de-
veloped in the 1970s (reviewed by Kirschvink, 1980). Many
types of sedimentary rocks, especially those containing
goethite or hematite diagenetic minerals, require ther-
mal demagnetization to remove secondary overprints; al-
ternating-field (AF) demagnetization can have negligi-
ble effect on such overprints (e.g., Steiner, 1977). Many
of the early paleomagnetic studies of DSDP sedimenta-
ry rocks relied on low-intensity, single-step AF demag-
netization of samples, so the identification of character-
istic directions of magnetization is uncertain in many
cases. Some secondary overprints may never be com-
pletely removed, or are removed simultaneously with the
primary magnetization. Some of the processes and dia-
genetic minerals responsible for secondary remanences,
and the methods for identifying these minerals, are re-
viewed by Henshaw and Merrill (1980), Lowrie and Hel-
ler (1982), and Tucker and Tauxe (1984). One common
technique for identifying persistent overprints is to dis-
play on vector diagrams the direction and magnitude of
magnetization during progressive demagnetization (re-
viewed by Kirschvink, 1980). Such a technique was em-
ployed in this study. One method to remove such over-
prints is to compute the mean vectors of characteristic
magnetization of the normal and reversed polarity sam-
ples independently, then compute a weighted mean based
on the relative intensities (Ogg, 1981; van Alstine and
Ogg, unpublished; Steiner et al., in press); this method
could not be applied at Site 585, owing to the lack of
mixed polarity in most of the lithologic units.

The next problem is to determine when this charac-
teristic magnetization was acquired. Experimental evi-
dence indicates that magnetization of sedimentary rocks
is acquired mainly during post-depositional early com-
paction (dewatering) and consolidation, and not at the
time of deposition (Verosub, 1977; Hamano, 1980; Den-
ham and Chase, 1982; Tucker, 1984; reviewed by Cham-
pion et al., 1984). In the studies just cited, the post-dep-
ositional remanent magnetization appears to be aligned
with the ambient field; this is in contrast to a shallow-
er magnetic inclination ("inclination error") present in
some unconsolidated or varved sediments (King, 1955;
Griffiths et al., 1960; Coe et al., in press). Deep-sea sed-
iments have not shown any systematic inclination error
(Opdyke and Henry, 1969), and fine-grained sediments
with bioturbation and low to moderate sedimentation
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rates are generally considered to be reliable recorders of
the magnetic field. The depth at which the post-deposi-
tional remanence is fixed is a function of compaction,
void ratio, grain sizes, intensity of bioturbation, and sed-
imentation rate; it can range from 2 to 60 cm below the
sediment/water interface, corresponding to a delay on
the order of I04 yr. (Ldvlie, 1974, 1976; Verosub, 1977).
This offset in timing between the paleontological age of
a sediment and the setting of magnetization is usually
ignored in magnetostratigraphic studies. In a study of
limestones deposited under oxidizing conditions, Chan-
nell et al. (1982) observed that the magnetization carried
by authigenic hematite began to be fixed before the
magnetization carried by magnetite grains was locked in
by sediment compaction, but the oxidation process con-
tinued to a depth of 60 cm below the "lock-in" zone
(equivalent to about I05 yr. in these limestones). There-
fore, the characteristic magnetization carried by hema-
tite in marine sediments deposited under oxidizing con-
ditions can also be used as a reliable indicator of the
magnetic field present shortly after deposition.

Coe et al. (in press) conclude that sandstones and
coarse siltstones are less reliable recorders of the mag-
netic field because post-depositional remanence may not
be completely acquired and some depositional inclina-
tion error may be retained. In a study of clastic turbi-
dites at DSDP Site 524, Tucker (1984) observed that the
coarser-grained portions have less reliable characteristic
magnetizations than the finer-grained portions; he con-
cluded that this phenomenon was due to the freedom of
small magnetite grains to realign in void spaces for a
considerable time after deposition, whereas there was an
early "locking in" of the magnetite during consolida-
tion of the finer-grained sediments. Champion et al.
(1984) also concluded that fine-grained portions of tur-
bidites yielded reliable results, whereas the coarse-grained
portions had a larger proportion of viscous remanent
magnetization (VRM). They did not observe any signifi-
cant difference (at 95% confidence interval) between the
inclinations of bioturbated vs. nonbioturbated fine-
grained portions of the clastic turbidites. In a study of
calcareous turbidites, Alvarez and Lowrie (1984) observed
no significant difference between the coarse- and fine-
grained portions, perhaps indicating locking of magne-
tite orientations by partial cementation of the sediment
soon after deposition. On the basis of these studies, it is
thought that the fine-grained portions of turbidites re-
covered at Site 585 are reliable recorders of the geomag-
netic field soon after deposition.

Clay-rich laminated sediments may experience a shal-
lowing of inclination during late-stage compaction, ac-
cording to Coe et al. (in press), who cite, however, only
two possible instances in which this may have occurred
(Creer, 1974; Liddicoat and Coe, 1979). This effect is
theoretically caused by the rotation of magnetite grains
during compaction (Blow and Hamilton, 1978). No sed-
imentary rocks at Site 585 are the clay-rich laminated
types in which "compaction error" is thought to occur.

In summary, the progressive thermal demagnetization
and associated vector-analysis procedure used in deter-
mining characteristic magnetization directions of the sed-
imentary rocks at Site 585 are probably identifying the

magnetization acquired a short time after deposition of
the sediments and recording the ambient field at that
time. This verdict is based largely on the circumstantial
evidence already summarized and on the lithologies and
magnetic properties of the rocks to be described shortly.
As will be shown, the reliability of the true mean char-
acteristic directions at Site 585 is further supported by
the agreement of those directions with the paleolati-
tudes computed from data on basalts at nearby Site 462.

RESULTS

The magnetic characteristics, polarity zonation, and
mean inclinations of the sample sets are presented ac-
cording to the lithologic units described in the site
report.

Unit 1: Gray Siltstone (lower Miocene)

Sampled cores: 585A-H1 (wash)
Depth: Uncertain, probably between 10 and 250 m
No. of samples: 4

The interval between 7 and 256 m sub-bottom depth
was not cored in either hole at Site 585, so samples were
taken from large pieces of gray siltstone, dated as early
Miocene, which were recovered in a wash core spanning
this interval in Hole 585A. These pieces are probably
from the center of a thick, clastic turbidite bed, so they
encompass only a very brief time span.

The mean NRM intensity is 9 ±3 × 10~3 A/m (9 ×
10~6 emu/cm3, with a mean inclination of 20 ±10°.
Progressive thermal demagnetization at ten steps from
110 through 510°C produced a region of fairly stable di-
rections in the interval from 230 to 470°C. The mean in-
tensity in this interval is 6 ±2 × 10~3 A/m. A pilot
sample heated to 600 °C retained a fairly stable direc-
tion, with a final intensity of 9 × 10~4 A/m, suggesting
that hematite (Curie temperature = 670° C) is a carrier
of magnetization, perhaps in addition to magnetite (Cu-
rie temperature = 570°C).

Characteristic directions were computed by a fit to
five steps between 230 and 470°C (tabulated in Appen-
dix). Because the standard deviation for the inclinations
was about 2° for each sample, these characteristic direc-
tions were rated B in reliability. Polarity is normal for all
samples. The true mean inclination is 10.7°N, with a
95% confidence limit of 3.7° and a dispersion parame-
ter, K, of 500. This paleolatitude is not considered rep-
resentative of the early Miocene, because there are only
four samples and all are from a single turbidite bed.

Unit 2: Pinkish Tan Nannofossil Chalk and Limestone
and Reddish Brown Zeolitic Claystone (middle Eocene
to Maestrichtian)

Hole 585 Hole 585A

Sampled cores
Age

Depth (m)
No. of samples

15-17
late Paleocene-

Maestrichtian
367-391
13

1-3
early Eocene-

Maestrichtian
364-384
13
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The magnetic characteristics of the chalk and lime-
stones and the claystones were generally similar, except
that the claystones had stronger average intensities at
each demagnetization step. Intensities of NRM average
about 8 × 10~3 A/m for chalks and limestones and
about 20 × 10~3 A/m for claystones, but the standard
deviations are very high. NRM inclinations were posi-
tive for all samples, and ranged from 1 to 72°.

A normal (downward) overprint was rapidly removed
during early steps of progressive thermal demagnetiza-
tion, with resolution of normal and reversed polarities
possible at the 185°C step, and a stable characteristic di-
rection was maintained between 230 and 510°C. Pro-
gressive AF demagnetization to 5 mT (50 Oe) was not as
effective in removing overprints as thermal demagnet-
ization at 150°C. During removal of the overprint, the
intensity would increase or decrease depending upon the
polarity of the sample (Fig. 1). This behavior was also
used as a guide to the polarity of some samples. In the
interval of stable directions between 230 and 510°C, in-
tensities would generally decrease by a factor of 2. A
sharp drop in intensity occurred at 550°C, and in many
cases was accompanied by a major dispersion of the di-
rections of magnetization. This suggests that magnetite
is the main carrier of the characteristic magnetization.

The inclinations of characteristic magnetization were
very shallow, indicating the proximity of the site to the

paleo-equator during the Paleocene and Maestrichtian.
In most cases, interpretation of polarity is based on be-
havior during demagnetization; but several samples had
uncertain polarity, and their inclinations, despite stabili-
ty, are rated C. The true mean inclination (Table 1) of
this lithologic unit in Hole 585 is 0.1 ° if all data are used
and 0.6° if only A-rated values are used (the 95% confi-
dence interval is about 4.7° in either case); this implies
an average paleolatitude for this unit of 0.05 to 0.3°N
(with 95% confidence interval of 2.3°).

The true mean inclination computed for this litholo-
gy in Hole 585A is approximately -1.0° (with a large
95% confidence interval of 9.7°); the corresponding av-
erage paleolatitude is 0.5°S.

An equatorial crossing by Site 585 during the Paleo-
cene-Maestrichtian is indicated; the distribution of in-
clination data suggests early Paleocene as the closest ap-
proximation to the timing of this event (Table 2).

The low recovery of this lithology in Hole 585 pre-
cludes assignment of magnetochrons to the few episodes
of normal and reversed polarity. A possible assignment
of magnetozones to the polarity intervals in Hole 585A
is indicated in the table of inclinations of characteristic
directions (Appendix); the assignments are based on the
biostratigraphic ages of the cores and the correlations
with the magnetic-polarity time scale of Harland et al.
(1982) (which is similar to the scale of Lowrie and Al-

Up N

300

185°
Figure 1. Vector plot of thermal demagnetization of a sample of reddish brown zeolitic claystone (585-16-1, 72 cm; Paleocene; lithologic Unit

2). 1 scale div. = 10~3 A/m (I0"6 emu/cm3). Inclination (up, horiz., down) is plotted with total magnitude of magnetization at the given
demagnetization step; declination (N, W, S) is plotted as the horizontal component of the magnetization vector, and it has arbitrary direc-
tion because of lack of orientation control on DSDP cores. Every second demagnetization step is labeled. NRM is dominated by an over-
print, which is removed by thermal demagnetization of 200°C; further heating reduces intensity of magnetization but does not significantly
change direction. A reversed polarity is indicated for this sample.
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Table 1. True mean inclinations of lithologic units.

Unit:
lithology

(age)

1: Gray siltstone (e.
Mio.)

2: Pink-tan nanno-
chalk (Eoc-
Maest.)

3: Red-brown
zeolitic clay-
stone (Maest.-
1. Camp.)

4: Chert and brown
claystone
(Camp.-
1. Sant.)

5: Dark gray
claystone
(Sant.-1. Alb.)

6: Dark gray vole.
turbidites
(Alb.-Apt.)

Hole
(sample

set)

585A
(All)

585
(All)

585
(A)

585A
(All)

585
(A, B, Paleoc-
Maest.)

585 (A, B)

585
(All)

585
(All)

585
(A, except
27-3, 50 cm)

585A
(All)

585A
(A)

585
(All)

585
(A)

585A
(A, B)

585A
(A)

N

4

13

10

13

8

12

3

54

43

19

16

54

39

52

32

(degrees)

10.7

0.1

0.6

-0.8

-1.2

-6.0

-9.9

-14.4

-14.7

-15.6

-15.7

-26.6

-26.4

-30.5

-27.1

«95/ α63

3.7/2.1

4.8/2.8

4.6/2.7

9.7/6.7

9.7/6.7

7.5/4.3

22.9/13.3

3.1/1.8

3.5/2.1

5.0/2.9

5.1/3.0

3.5/2.0

3.3/1.9

3.4/1.9

3.8/2.2

K

500

70

100

18

30

32

23

40

38

43

50

31

48

35

45

Lat.
(degrees)

5.4

0.05

0.3

-0.4

-0.6

-3.0

-5.0

-7.3

-7.5

-7.9

-8.0

-14.1

-13.9

-16.4

-14.4

α 9 5 / α 6 3

1.9/1.1

2.4/1.4

2.3/1.3

4.9/2.8

4.9/2.8

3.8/2.2

11.7/6.8

1.6/0.9

1.9/1.1

2.7/1.5

2.7/1.6

2.1/1.2

1.9/1.1

2.1/1.2

2.2/1.3

Note: True mean inclinations as computed by method of Kono (1980b). These do not include a correction
for the deviation of the hole from vertical. Results are given for all samples in set and for only the most
reliable directions (A-rated set). N = number of samples; / = mean true inclination; 095 and 0^3 = in-
tervals of 95% confidence and 63% confidence (standard deviation), respectively, on the inclination; K
= dispersion parameter; Lat. = paleolatitude (095/053 = 95% and 63% confidence intervals on Lat.).

varez, 1981). The Cretaceous/Tertiary boundary, as de-
fined by biostratigraphy in each hole, does not appear
to fall within the expected reversed-polarity magneto-
chron 29R, indicating either very poor recovery of the
K/T boundary sediments or the lack of the actual bound-
ary at this site (or that the K/T boundary is not syn-
chronic, which is unlikely).

Unit 3: Reddish Brown Zeolitic and Nannofossil
Claystones and Tan Clayey Nannofossil Chalk
(Maestrichtian to upper Campanian)

Hole 585 Hole 585A

Sampled cores

Depth (m)

No. of samples

18-20

399-422

13

No recovery

Lithologic Unit 3 is distinguished from Unit 2 by the
predominance of claystone over chalk; otherwise, the com-
ponent lithologies are essentially identical. The tan mar-
ly chalks were sampled preferentially for Paleomagne-
tism because they were less friable. The magnetic char-
acteristics and demagnetization behavior are the same
as those already discussed for these lithologies under

Unit 2. The magnetic behavior of a typical tan marly
chalk during progressive thermal demagnetization is di-
agrammed in Figure 2.

All samples have normal polarity. This is consistent
with the long episodes of normal polarity during the
late Campanian to early Maestrichtian (magnetochrons
32 and 33). The short reversed-polarity interval of mag-
netochron 32R, within the early Maestrichtian, was not
identified, possibly owing to the poor recovery in these
three cores.

Inclinations of characteristic magnetization are low
but generally negative, indicating that the site was slight-
ly south of the equator during the deposition of Unit 3.
The true mean inclination is -6.0° (95% confidence in-
terval of 7.5°), yielding an average paleolatitude of 3.0°S
(Table 1).

Unit 4: Chert and Brown Zeolitic Claystone
(Campanian to upper Santonian)

Hole 585 Hole 585A

Sampled cores

Depth (m)

No. of samples

21 and 26

426-485

3

Inadequate recovery
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Table 2. Paleolatitudes of Site 585.

Age
(avg. Ma)

Present

e. Mio. (20)
(not
plotted)

1. Paleoc.
(57.5)

e. Eoc.-
e. Maest.
(60)

Maest. (69)

Camp.-Sant.
(80)

Sant.-Coniac-
Tur. (87)

Sant.-Tur.-
1. Cenom.
(88.5)

Cenom. (84)

m.-1. Alb.
(103)

e. Alb.-1. Apt.
(112)

e. Alb.-1. Apt.
(112)

Hole,
cores

(sample
set)

585

585A
HI (All)

585
15 to
16-1, 72 cm
(All)

585A
1 to 3 (A, B)

585
16-1, 111 cm
to 20-2, 89 cm
(A)

585
20-3, 12 cm to
28 (A)

585
26 to
32-2, 107 cm
(A)

585A
5 to 10 (A)

585
32-3, 113 cm
to 35 (A)

585
36 to 45 (A)

585
46 to 55 (A)

585A
5H to 22 (A)

N

4

7

8

15

19

30

16

11

14

28

32

(pre-tilt)

/
(degrees)

10.7

-0 .6

-1 .2

-2 .4

-14.2

-14.9

-15.7

-11.5

-24.8

-26.9

-27.1

«95

3.7

8.1

9.7

6.5

6.4

4.7

5.1

2.9

5.5

3.8

3.8

(tilt corr.)

/
(degrees)

9.0

-0 .6

-3.9

-2 .4

-16.7

-18.7

-17.9

-15.3

-28.6

-30.7

-27.8

α 95

4.7

8.1

10.7

6.5

7.2

5.8

6.5

4.0

6.6

4.9

4.3

K

500

50

30

33

27

31

50

230

50

50

45

Lat.
(degrees)

13.5

4.5

-0 .3

-2 .0

-1.2

-8.5

-9 .6

- 9 . 2

-7.8

-15.2

-16.5

-14.8

α 9 5 / α 6 3

2.4/1.4

4.0/2.3

5.4/3.3

3.3/1.9

3.8/2.2

3.1/1.8

3.5/2.0

2.1/1.2

4.0/2.3

3.0/1.8

2.6/1.5

Note: Age given as biostratigraphic stage and as absolute age (in millions of years; from time scale of Harland et al.,
1982) of midpoint of time spanned by sample set. Reliability of selected sample set (A-rated, etc.) as given. N =
number of selected samples; / = true mean inclination (with 95% confidence interval, 095) as computed before
and after correction for deviation of hole from vertical (see text); K = dispersion parameter; Lat. = calculated
paleolatitude (with 95% and 65% [standard deviation] confidence intervals, 095 and 053).

Recovery of lithologic Unit 4 was extremely poor, and
only a few blocks were obtained for oriented paleomag-
netic minicores. The range of lithologies, from brown
claystone to tan chalk, displayed magnetic properties iden-
tical to those of the similar lithologies in Units 2 and 3
(Units 2, 3, and 4 differ only in the relative amounts of
component lithologies). No cherts were analyzed.

Polarity of characteristic magnetization is normal; the
negative inclinations indicate (before correcting for de-
viation of the hole from vertical) a paleolatitude for the
site of about 5°S (with a 95% confidence limit of 12°
resulting from the low number of samples). The reversed
polarity magnetochron 33R of early Campanian age was
not identified, probably because of the extremely sparse
sampling.

Unit 5: Dark Gray to Dark Brown Claystone with
Minor Pinkish Tan Limestone (Santonian to
upper Albian)

Hole 585 Hole 585A

Sampled cores 27-37 5-10

Depth (m) 484-590 503-554

No. of samples 54 19

The dominant lithology of Unit 5 is a dark gray clay-
stone with variable concentrations of recrystallized ra-
diolarians. NRM intensities were high, generally in the
range of 4 to 10 × 10~2 A/m. A slow steady decrease of
the intensity of magnetization occurred during progres-
sive thermal demagnetization; the intensity at the 370°C
step was typically 50% of NRM, and at the 510°C step
was typically 25% of NRM. Pilot samples displayed a
sharp drop in intensity between 550 and 600°C, imply-
ing that magnetite is the principal carrier of magnetiza-
tion. Hematite is also a carrier, as indicated by the sig-
nificant portion (10%) of NRM intensity remaining at
the 600°C step, but the directions were identical to those
at 500°C. During early stages of thermal demagnetiza-
tion, the inclinations gradually steepen upward (become
more negative), a behavior interpreted as indicating the
removal of an overprint of the downward-directed pres-
ent field. The magnetic behavior of a typical sample is
diagrammed in Figure 3.

In the lower part of this unit (Cores 585-34 to 585-37
and 585A-9 and 585A-1O), the majority of the paleo-
magnetic samples are from pinkish tan limestone inter-
vals. Intensities of this lithology were less than for the
claystones, which were sampled preferentially in the up-
per part of this unit; otherwise there was no discernible
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Down S
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Figure 2. Vector plot of thermal demagnetization of a sample of tan marly chalk (585-20-2, 49 cm; upper Campani-
an; lithologic Unit 3). 1 scale div. = 10~2 A/m (10~5 emu/cm3). (Vector-plot axes and symbols are explained in
the caption to Fig. 1.) NRM is dominated by an overprint, which is removed by thermal demagnetization of
250°C; further heating reduces intensity of magnetization but does not significantly change direction. A normal
polarity is indicated for this sample.

difference between the two lithologies in their magnetic
behavior during demagnetization.

Characteristic inclinations were computed as the mean
value of the inclinations at the five demagnetization steps
between 300 and 510°C. Several of these mean inclina-
tions were classified as B in reliability because of larger
standard deviations or slow, steady drift. True mean in-
clinations for all samples and for the set of high-reliabil-
ity A-rated samples are both given in Table 1. The com-
puted average paleolatitudes (before tilt correction) dur-
ing this time interval are 7.5°S for Hole 585 and 8.0°S
for Hole 585A.

Polarity is normal for all but four samples. On the
basis of the behavior during demagnetization the "re-
versal" of two of these samples (585-28-5, 34 cm and
585A-7-4, 37 cm) may result from inversion during col-
lection. However, two adjacent samples from Section
585-27-3 have positive inclinations and display behavior
during demagnetization interpreted as reflecting the re-
moval of a normal overprint from a reversed character-
istic direction. Such a very brief interval during the San-
tonian is not known in the current magnetic-polarity
time scale, so its reality is suspect; alternatively, these

two samples may record a brief excursion of the mag-
netic field.

Unit 6: Dark Gray Volcanogenic Turbidites (middle
Albian to upper Aptian)

Hole 585 Hole 585A

Sampled cores
Age
Depth (m)

38-55
m. Alb.-latest Apt.
590-764

No. of Samples 54

H5; 11-22
e. Alb.-1. Aptian
658-893
53

Both holes at Site 585 bottomed within a very thick
sequence of graded beds of dark gray and greenish black
coarse sandstone to silty clay stone. Paleomagnetic sam-
pling was done preferentially within the finer-grained tops
of these volcanogenic turbidites and within the rare in-
terbedded pelagic clay stones. As explained earlier, the
coarse-grained portions of turbidites generally are not
considered to be reliable recorders of the magnetic field
(Tucker, 1984; Champion et al., 1984). Measurements
on the few sand-rich intervals that were sampled sup-
ported that caveat; the characteristic inclinations had con-
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Figure 3. Vector plot of thermal demagnetization of a sample of dark gray claystone (585-28-5, 8 cm; Santonian; lithologic Unit 5). 1 scale
div. = I 0 " 2 A/m (10~5 emu/cm3). (Vector-plot axes and symbols are explained in the caption to Fig. 1). NRM has a significant over-
print, which is removed by thermal demagnetization of 300° C; further heating reduces intensity of magnetization but does not change
direction. A normal polarity is indicated for this sample.

siderably more scatter, yielded some anomalous values,
or did not attain a stable inclination.

NRM intensities are very strong, generally within 1 to
8 × 10~' A/m (1 to 8 × 10~4 emu/cm3); some samples
approach 2 A/m. Most NRM inclinations were negative
and had a mean of -20 ±3°. On the basis of the ef-
fects of both progressive AF and thermal demagnetiza-
tion on pilot samples, a combined treatment of AF de-
magnetization at 5 mT (50 Oe) and thermal demagnet-
ization at 150, 250, and 325 °C was applied to the entire
sample set. Either treatment (AF or thermal) resulted in
an upward steepening of the inclinations (to more nega-
tive values), with only slight changes in declination. This
is interpreted as indicating the removal of an overprint
of present dipole field from a primary normal-polari-
ty direction, with negative inclinations resulting from a
southern paleolatitude. Stable directions were generally
observed in the pilot samples with the 200 to 450° C or
the 10- to 20-mT range of demagnetization steps (Fig. 4).
Intensities of magnetization decreased only slightly, up
to either 15 mT or 250°C; the intensity at 20 mT or

325 °C was generally half of the NRM intensity; and the
intensity at 525°C was 10% of the NRM value.

Two samples (585-42-2, 57 cm and 585-53-2, 94 cm )
were analyzed on a Curie balance, and the results are
shown in Figure 5. Both samples had Curie points of
565°C. Sample 585-42-2, 57 cm, from the claystone up-
per portion of a turbidite, and including the fine-grained
base of the overlying turbidite, displayed a reversible
curve, implying that magnetite is the predominant mag-
netic carrier. Sample 585-53-2, 94 cm (from a dark brown,
slightly bioturbated top of a turbidite) had a slightly ir-
reversible Curie run with a greater saturation magnetiza-
tion upon cooling and with a small ripple in the heating
curve. This behavior may indicate the presence, in addi-
tion to magnetite, of a small amount of relatively unoxi-
dized titanomaghemite that reverts to magnetite upon
heating.

Inclinations of characteristic magnetization are nega-
tive for all samples. This is consistent with the extended
interval of normal polarity, "Cretaceous Long Normal
Interval," of the Aptian-Albian through Santonian stages.
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Figure 4. Vector plot of thermal demagnetization of a sample of bluish black clayey siltstone from a volcanogenic turbidite (585-51-4, 25 cm,
lower Albian; lithologic Unit 6). 1 scale div. = lO~1 A/m (10~4 emu/cm3). (Vector-plot axes and symbols are explained in the caption to
Fig. 1.) NRM has a significant overprint, which is removed by thermal demagnetization of 160-250°C; further heating reduces intensity of
magnetization but does not change direction. A normal polarity is indicated for this sample.

Several samples from Cores 14 and 15 of Hole 585A
displayed positive inclinations of NRM during the ship-
board analyses; at that time, these were interpreted as
representing a late Aptian mixed-polarity interval. Brief,
but uncorrelatable, reversed-polarity events have been ob-
served in upper Aptian to lower Albian sediment (Pe-
chersky and Khramov, 1973; Jarrard, 1974; Keating and
Helsley, 1978a, b; Lowrie et al., 1980; Vandenberg and
Wonders, 1980; Khramov, 1982, p. 147) and possibly
observed as a short marine magnetic anomaly in the Pa-
cific (the anomaly younger than "CL" [MO?] modeled
by Hilde et al., 1976) and in the Atlantic (M"-l" of
Vogt and Einwich, 1979). This possible mixed-polarity
zone in Hole 585A completely disappeared, however, dur-
ing the early demagnetization steps, as the anomalous
NRM inclinations reverted to the negative inclinations
of characteristic magnetization typical of adjacent cores.
With a total of nearly 80 minicores from the two holes
at Site 585, covering the late Aptian to early Albian in-
terval, this study represents a rather dense stratigraphic
sampling. If there are any reversed-polarity episodes of
this age, then these must be very brief. This initially er-
roneous interpretation of NRM results was a valuable
lesson in the dangers of inadequate demagnetization of
DSDP samples.

The true mean inclination of the volcanogenic turbi-
dite lithologic unit is about 27° in both holes (95% con-
fidence interval of about 3.5°), yielding an average pa-
leolatitude of 14°S (Table 1). Correction for the slight
deviation of the holes from vertical increases the paleo-
latitude to about 15°S.

PALEOLATITUDES OF SITE 585

Correction of Inclinations for Deviation of Holes
from Vertical

Hole 585 had a 1° deviation from vertical at the level
of Core 15, as measured by a Kuster downhole instru-
ment, but the Kuster malfunctioned in later runs for deep-
er cores. The beds below Core 26 displayed a 5 ± 1° tilt
of laminae and contacts; this is thought to reflect an in-
creased deviation of the drilling from vertical. The di-
rection of tilt of these laminae, with respect to the axis
of the paleomagnetic minicore, was recorded for several
samples during drilling. Comparison of the declinations
of characteristic magnetization of a few normal-polarity
minicores with the relative tilted orientation of laminae
in those minicores (as illustrated in Fig. 6) yielded an av-
erage apparent tilt declination of 320 ± 20° with respect
to the direction of normal polarity (assumed to be north-
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Figure 5. Intensity of magnetization as samples are heated, then cooled, in a Curie balance. A. Sample 585-42-2, 57 cm, clay-
stone, in upper portion of volcanogenic turbidite, and the fine-grained base of the overlying turbidite. B. Sample 585-53-2,
94 cm, dark brown, slightly bioturbated top of a volcanogenic turbidite. Magnetite is indicated in both samples as the main
carrier of magnetization, and the presence of a small amount of titanomaghemite is indicated in 585-53-2, 94 cm by intensi-
ty of the cooling curve exceeding the heating curve and by the small ripple in the heating curve.
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0° declination = North

Actual direction of
dip of laminae

(relative to
magnetic north)

Direction of normal-polarity
magnetization (relative
to minicore axis)

Direction of dip
of laminae relative
to minicore axis

Paleomagnetic minicore
with sediment laminae

Figure 6. Procedure to determine the direction of deviation of the DSDP hole from vertical, using the relative orientation of the
apparent dip of laminae to the direction of magnetization of a normal-polarity sample. The direction of dip of the laminae, as
measured counterclockwise from the axis of the minicore cylinder, is added to the apparent declination of the normal-polarity
magnetization, as measured clockwise from the axis of the minicore cylinder; the sum is the dip direction of the laminae rela-
tive to northward polarity (assumed to have a declination equal to 0°). This value is the same as the compass direction of the
deviation of the hole from vertical. For computation of the actual inclination of magnetization, this is nearly identical to a
bedding correction (structural correction), with the direction of bedding equal to this declination of the apparent dip of the
laminae.

directed, 0° declination). The hole therefore deviates to-
ward this direction. Correction for the tilt of the hole is
identical to a structural correction for bedding with a 5°
(±1°) dip toward 320° (±20°); the effect of the correc-
tion is to tilt the north-directed inclinations upward (to
more negative values) by 5° × cos (320 ± 20°) = 3.8°
(±1.1°). In Table 2, this correction and increase in un-
certainty is applied to the true mean inclinations for
Cores 26 and below.

Hole 585A had measured deviations from vertical of
3.5° above Core 5, 4.5° at Core 6, and 1.5° at Core 14
and below. The relative direction of this tilt was deter-
mined as 299 ± 20° on the basis of of seven laminated
samples in Core 5H (a wash core above Core 11). There-
fore, the true mean inclinations were given a correction
upward and an increase in error limits of 1.7° (± 1.0°)
above Core 5, 2.2° (±1.4°) for Cores 5 through 10, and
0.7° (±0.5°) for Cores 5H through 22.

It is interesting that if the Deep Sea Drilling Project
would deliberately drill holes with a 10 to 15° deviation

from vertical, then the apparent tilt of the laminae in
the paleomagnetic minicores would provide a means to
compute the relative declination of each sample in the
set; then the magnetostratigraphy could be determined
by both inclination and declination of the characteristic
directions from these samples. Such a procedure was used
successfully to analyze the magnetostratigraphy of DSDP
Site 603 in the western Atlantic (Ogg, in press).

Paleolatitudes
Table 2 is a compilation, by age interval, of the mean

true inclinations and paleolatitudes for both holes at Site
585. The paleolatitudes are graphed in Figure 7. The
conversion of biostratigraphic ages to million of years is
based on the Harland et al. (1982) time scale. (For the
Late Cretaceous, this time scale is similar to the Lan-
phere and Jones [1978] revision of the radiometric age
scale of Obradovich and Cobban [1975].) The uncertain-
ties in the mean age of each paleolatitude were arbitrari-
ly set as ± one quarter of the total time interval spanned
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Figure 7. Paleolatitudes of Site 585 plotted with the time scale of Harland et al., 1982. A northward drift
of about 30 km/m.y. is indicated as a possible fit of the three clusters of paleolatitudes. For compari-
son, the predicted paleolatitudes of Site 585—using the hot-spot model of Lancelot (1978) and using
the Pacific-Plate-motion model of Whitman (1981), derived from global reconstructions—are shown.

by the set of minicores. In Figure 7 the error bars on the
paleolatitudes are the standard deviations (63% confi-
dence intervals) rather than the 95% confidence inter-
vals.

The paleolatitude determinations for the two holes
coincide very well. This agreement supports the validity
of the composite paleolatitude curve (Fig. 7).

Owing to the poor recovery of some intervals and the
discontinuous sedimentation history of Site 585, the Cre-
taceous paleolatitude determinations cluster into three
age groups: (1) a Paleocene-Maestrichtian group cen-
tered at about 1°S latitude, (2) a Santonian-Turonian
(plus some Campanian and Cenomanian) cluster cen-
tered at about 7°S latitude, and (3) an Albian-late Apti-
an cluster centered at 15°S latitude. The sediment re-
covery and the paleomagnetic sampling at Site 585 were

inadequate to derive reliable paleolatitudes for the Cam-
panian, Cenomanian, or Tertiary. It cannot be deter-
mined, therefore, whether Site 585 had a constant north-
ward drift during the Cretaceous or experienced episodes
of rapid movement between relative standstills. An aver-
age northward drift rate of 30 km/m.y. (3.0 cm/yr.) fits
the three clusters (Fig. 7 and 8). This average Cretaceous
value is less than the 50 km/m.y. predicted for Site 585
by Lancelot's (1978) Pacific hot-spot model, but is greater
than the rate indicated by Whitman's (1981) model for
the latest Cretaceous and early Tertiary paleolatitudes
derived from reconstructions at several magnetic anom-
alies (Fig. 8). The hot-spot model lacks reliable paleo-
latitude/age control points for the mid- and Late Creta-
ceous, so deviation between the observed paleolatitudes
of the western central Pacific and the hot-spot predic-
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Figure 8. The amount of northward drift of the Western Pacific, as computed from the paleolatitudes of
Sites 585 (solid dots), 462 (open dots), and 289 (open triangle), relative to the present latitude of those
sites. For comparison, the predicted amounts of northward drift for the location of Site 585 from the
Pacific poles (boxes) computed by Gordon (1980), Gordon and Cox (1982), and Gordon (1983), from
the hot-spot model (lowermost line) of Lancelot (1978), and from the reconstruction model (upper-
most line) of Whitman (1981) are also plotted.

tions cannot be taken as conclusive proof of drift be-
tween the hot-spot and geomagnetic reference frames
("true polar wander").

Comparison with other Paleolatitudes from DSDP
Sites in the Western Central Pacific

In addition to these studies at Site 585 in the Mariana
Basin (13.5°N, 156.8°E), paleomagnetic studies have al-
so been performed at Site 462 in the adjacent Nauru Ba-
sin (7.2°N, 165.0°E) (Steiner, 1981a, b; Ogg in Site 462
report, this volume) and at Site 289 on the Ontong-Java
Plateau (0.5°S, 158.5°E) (Hammond et al., 1975). These

regions of the western central Pacific are considered to
be fixed relative to each other, so the data sets can be in-
tegrated to derive the latitudinal component of motion
of the western central Pacific from the Aptian to the
present (Fig. 8). An implicit assumption is that rotation
of the Pacific Plate during this interval has been negligi-
ble.

The previous studies did not incorporate proper sta-
tistical methods, so the procedure of Kono (1980b) was
applied to the published data. The stable inclinations
upon progressive AF demagnetization (Steiner, 1981a)
for lower Campanian through Cenomanian claystones
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of Holes 462 and 462A were combined for two age inter-
vals: early Campanian (omitting an excursion interval
and two samples of uncertain polarity), and a combined
Santonian-Cenomanian interval. Steiner did not com-
pute corrections for the deviation of the holes from ver-
tical (Hole 462 had a measured 3-4° deviation and Hole
462A had 1.3-1.5° [Shipboard Scientific Party, 1981]).
The resulting paleolatitudes indicate less northward drift
than do the paleolatitudes computed from sediments of
the same age from Holes 585 and 585A (Fig. 8). The
reason for this discrepancy is unknown; the lack of ther-
mal demagnetization of the Site 462 samples may be one
factor, although Steiner did not observe any significant
effects of thermal treatment on eight pilot samples (fol-
lowing 400-Oe AF demagnetization, however).

The basalt flow and sill complex in Hole 462A was
assigned an age of Barremian on the basis of radiolarian
assemblages found in sediments within the complex (Lar-
son, Schlanger, et al., 1981; de Wever, 1981). These re-
worked assemblages are reinterpreted by A. Shaaf (in
Site 462 report, this volume) as indicating an Aptian age,
on the basis of the range of the youngest form. This age
is consistent with the uniform normal magnetization of
the complex. The mean paleolatitude was computed from
the individual mean inclinations of the five flow units
(each of which is composed of several flows). Stable in-
clinations upon progressive AF demagnetization of the
samples were determined by Steiner (1981b). Igneous
Unit 30 was omitted from this calculation because it has
sills within the flows and so was probably thermally re-
magnetized at a later date. No correction was possible
for the deviation of the hole from vertical, but the low
1.3 to 1.5° measured deviation will not introduce a seri-
ous error. Continued drilling of the basaltic complex at
Hole 462A during Leg 89 recovered numerous flow units.
The paleolatitudes computed from this set of flows (Ogg
in Site 462 report, this volume) are nearly identical to
the results computed from Steiner's data.

Coring at DSDP Site 289, on the Ontong-Java Pla-
teau, recovered a thick Tertiary and uppermost Creta-
ceous carbonate section overlying Aptian limestone and
basalt. Twenty-six samples of lower Oligocene to upper
Campanian and Aptian sediments and seven samples of
basalt were analyzed by Hammond et al. (1975) using
AF demagnetization. A true mean paleolatitude was com-
puted from the one tuff and three limestone samples of
Aptian age. Even though the samples are too few to per-
mit computation of a reliable paleolatitude, the north-
ward drift is essentially identical to the results for Holes
585, 585 A, and 462A (Fig. 7). The basalt-core data were
not used, because only a single flow was sampled; the
33° of northward drift indicated by these samples is,
however, within the 95% confidence interval of the Site
585 results.

The agreement of the amount of northward drift since
the Aptian, as computed for the Site 585 turbidites, Site
462 basalts, and Site 289 limestones and tuff, indicates
the reliability of the paleolatitudes computed by Paleo-
magnetism for the western central Pacific.

Comparison with Other Pacific Paleomagnetic Poles

Several paleomagnetic poles have been computed for
the Pacific Plate by combining data sets for DSDP sites,
models of seamount magnetism, and skewness of ma-
rine magnetic anomalies. Gordon (1982) computed a late
Maestrichtian (~ 69 Ma) paleomagnetic pole for the Pa-
cific Plate at 71 °N, 9°E, which would predict a paleo-
latitude for Site 585 of 2.7°S (95% confidence interval
of 2°). This paleolatitude compares well with the value
of 3°S projected for Site 585 by a steady 30-km/yr. rate
of northward drift (Fig. 7 and 8).

On the basis of the magnetic anomalies of four sea-
mounts and the paleomagnetic results from Meiji Sea-
mount, Gordon and Cox (1980) computed an average
Campanian (81 Ma; in magnetochron 33R) paleomag-
netic pole for the Pacific at 56.5°N, 353.5°E. This pole
would predict a paleolatitude of 18.6°S (95% confi-
dence interval of 4°) for Site 585. The paleolatitude at
81 Ma determined for Site 585 is approximately 6.5°S
(Fig. 7), or possibly 8.5°S ± 2.2° if the average Campa-
nian-Santonian value of Hole 585 is used. Therefore,
Site 585 was 10 to 12° farther north than predicted by
Gordon and Cox.

Gordon (1983) computed Pacific paleomagnetic pole
for 90 Ma (Cenomanian) at 54°N, 334°E, which would
predict a paleolatitude for Site 585 of 22.5° (95% confi-
dence interval of 6°). The observed value is tightly con-
strained to be 9°S (±2.5°) (Fig. 7). Therefore, during
the Cenomanian, the site was about 13.5° farther north
than predicted by the pole of Gordon (1983).

It is beyond the scope of this chapter to attempt to re-
solve the differences between the predicted paleolatitudes
of the Late Cretaceous Pacific and the observed paleo-
latitudes of the central western Pacific. Perhaps there
was differential movement between the western central
Pacific and the north and eastern central Pacific (where
Gordon's poles are derived) during the Late Cretaceous.
The predictions agree with the observed paleolatitude of
Site 585 in the Maestrichtian, so such a theoretical dis-
placement would have been completed by that stage. The
spurt of rapid northward motion of the Pacific Plate
during the mid-Late Cretaceous, postulated by Gordon
(1983), is not apparent in the data from Site 585 or Site
462. Instead, a fairly constant northward drift compo-
nent of about 30 km/m.y. fits the late Aptian through
early Tertiary results.

Summary
Paleolatitudes were computed for several age inter-

vals (Aptian to early Tertiary) using data obtained on a
collection of approximately 250 sedimentary rock mini-
cores from two adjacent holes at Site 585. The results
for both holes indicate an average rate of northward drift
of approximately 30 km/m.y. The paleolatitude of Site
585 was 15°S during the Albian-late Aptian, 7°S dur-
ing the Santonian-Turonian, and 1°S during the Paleo-
cene-Maestrichtian. The Albian-late Albian paleolati-
tude agrees well with data from two other sites in the
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western central Pacific (Sites 462 and 289). In general,
the observed paleolatitudes are north of the positions
predicted by a hot-spot model or by data from the north
and east Pacific.

ACKNOWLEDGMENTS

This project was supported in part by National Science Foundation
grants OCE82-07771 and EAR82-6263 and in part by the Deep Sea
Drilling Project, which enabled my participation on Leg 89. The pa-
leomagnetics facility of the University of Wyoming was made avail-
able by Peter Shive and Maureen Steiner, and most of the sample anal-
yses were preformed by the dedicated Beverly DeVore. Curie runs were
by Tei Quei. The paleomagnetics facility at Caltech was made avail-
able by Joe Kirschvink. The manuscript benefited from stimulating
discussions with Janet Haggerty, Edward L. Winterer, and Miriam Bal-
tuck, and from critical reviews by Willian Sager, Maureen Steiner, and
Lisa Tauxe.

REFERENCES

Alvarez, W., and Lowrie, W., 1984. Magnetic stratigraphy applied to
synsedimentary slumps, turbidites, and basin analysis: The Scaglia
Limestone at Furlo (Italy). Geol. Soc. Am. Bull., 95:324-336.

Blow, R. A., and Hamilton, N., 1978. Effect of compaction on the ac-
quisition of a detrital remanent magnetization in fine-grained sedi-
ments. Geophys. J. R. Astron. Soc, 52:13-23.

Champion, D. E., Howell D. G., and Gromme, C. S., 1984. Paleo-
magnetic and geologic data indicating 2500 km of northward dis-
placement for the Salinian and related terranes, California. J. Geo-
phys. Res., 89:7736-7752.

Channell, J. E. T., Freeman, R., Heller, F., and Lowrie, W, 1982.
Timing of diagenetic haematite growth in red pelagic limestones
from Gubbio (Italy). Earth Planet. Sci. Lett., 58:189-201.

Coe, R. S., Globerman, B. R., Plumley, P. W., and Thrupp, G. A., in
press. Paleomagnetic results from Alaska and their tectonic impli-
cations. Am. Assoc. Pet. Geol. Circum-Pacific Tectonics Volume.

Cox, A., and Gordon, R. G., 1984. Paleolatitudes determined from
paleomagnetic data from vertical cores. Rev. Geophys, Space Phys.,
22:47-72.

Creer, K. M., 1974. Geomagnetic variations for the interval 7,000-
25,000 yr. BP recorded in a core of sediment from station 1474 of
the Black Sea Cruise of "Atlantis II ." Earth Planet. Sci. Lett., 23:
34-42.

Denham, C. E., and Chave, A. D., 1982. Detrital remanent magneti-
zation: Viscosity theory of the lock-in zone. J. Geophys. Res., 87:
7126-7130.

de Wever, P., 1981. Spyrids, Artostrobids, and Cretaceous radiolarians
from the western Pacific, Deep Sea Drilling Project Leg 61. In Lar-
son, R. L., Schlanger, S. O., et al., Init. Repts. DSDP, 61: Wash-
ington (U.S. Govt. Printing Office), 507-520.

Gordon, R. G., 1982. The late Maestrichtian palaeomagnetic pole of
the Pacific Plate. Geophys. J. R. Astron. Soc, 70:129-140.

, 1983. Late Cretaceous apparent polar wander of the Pacific
Plate: Evidence for a rapid shift of the Pacific hotspots with re-
spect to the spin axis. Geophys. Res. Lett., 10:709-712.

Gordon, R. G., and Cox, A., 1980. Calculating palaeomagnetic poles
for oceanic plates. Geophys. J. R. Astron. Soc, 63:619-640.

Griffiths, D. H., King, R. F , Rees, A. I., and Wright, A. E., 1960.
Remanent magnetism of some recent varved sediments. Proc. R.
Soc. London. Ser. A., 256:359-383.

Hamano, Y., 1980. An experiment on the post-depositional remanent
magnetization in artificial and natural sediments. Earth Planet.
Sci. Lett., 51:221-232.

Hammond, S. R., Kroenke, L. W., and Theyer, F , 1975. Northward
motion of the Ontong-Java Plateau between - 110 and - 30 M.Y.
In Andrews, J. E., Packham, G., et al., Init. Repts. DSDP, 30:
Washington (U.S. Govt. Printing Office), 415-418.

Harland, W. B., Cox, A. V., Llewellyn, P. G., Pickton, C. A. G.,
Smith, A. G., and Walters, R., 1982. A Geologic Time Scale:
Cambridge (Cambridge Univ. Press).

Henshaw, P. C , and Merrill, R. T., 1980. Magnetic and chemical
changes in marine sediments. Rev. Geophys. Space Phys., 18:
483-504.

Hilde, T. W. C , Isezaki, N., and Wageman, J. M., 1976. Meosozic
sea-floor spreading in the North Pacific. In Woollard, G. P., Sut-
ton, G. H., Manghnani, M. H., and Moberly, R. (Eds.), Geophysi-
cal Monograph 19, The Geophysics of the Pacific Ocean Basin and
its Margins: Washington (Am. Geophys. Union), pp. 205-226.

Jarrard, R. J., 1974. Paleomagnetism of some Leg 27 sediment cores.
In Veevers, J. J., Heirtzler, J. R., et al., Init. Repts. DSDP, 27:
Washington (U.S. Govt. Printing Office), 415-423.

Keating, B. H., and Helsley, C. E., 1978a. Magnetostratigraphic stud-
ies of Cretaceous sediments from DSDP Site 369. In Lancelot, Y.,
Seibold, E., et al., Init. Repts. DSDP, Suppl. to Vols. 38, 39, 40,
and 41: Washington (U.S. Govt. Printing Office), 983-986.

, 1978b. Paleomagnetic results from DSDP Hole 391C and
the magnetostratigraphy of Cretaceous sediments from the Atlan-
tic Ocean floor. In Benson, W. E., Sheridan, R. E., et al., In-
it. Repts. DSDP, 44: Washington (U.S. Govt. Printing Office),
523-528.

Khramov, A. N., 1982. Paleomagnetologia: Leningrad (Nedra).
King, R. F , 1955. Remanent magnetism of artificially deposited sedi-

ments. Monthly Notices R. Astron. Soc, Geophys. Suppl., 7:
115-134.

Kirschvink, J. L., 1980. The least-squares line and plane and the anal-
ysis of paleomagnetic data. Geophys. J. R. Astron. Soc, 62:
699-718.

Kono, M., 1980a. Paleomagnetism of DSDP Leg 55 basalts and impli-
cations for the tectonics of the Pacific Plate. In Jackson, E. D.,
Koizumi, I., et al., Init. Repts. DSDP, 55: Washington (U.S. Govt.
Printing Office), 737-752.

, 1980b. Statistics of paleomagnetic inclination data. J. Geo-
phys. Res., 85:3878-3882.

Lancelot, Y, 1978. Relations entre evolution sédimentaire et tecton-
ique de la plaque Pacifique depuis le Crétacé inférieur. Mem. Soc.
Geol. France., 134.

Lanphere, M. A., and Jones, D. L., 1978. Cretaceous time scale from
North America. In Cohee, G. V., Glaessner, M. F , and Hedberg,
H. D. (Eds.), Contributions to the Geologic Time Scale, AAPG
Studies in Geology 6: Tulsa (Am. Assoc. Pet. Geol.), 259-268.

Larson, R. L., Schlanger, S. O., et al., 1981. Init. Repts. DSDP, 61:
Washington (U.S. Govt. Printing Office).

Liddicoat, J. C , and Coe, R. S., 1979. Mono Lake geomagnetic ex-
cursion. J. Geophys. Res., 84:261-271.

Lòvlie, R., 1974. Post-depositional remanent magnetization in a rede-
posited deep-sea sediment. Earth Planet. Sci. Lett., 21:315-320.

, 1976. The intensity pattern of post-depositional remanence
acquired in some marine sediments deposited during a reversal of
the external magnetic field. Earth Planet. Sci. Lett., 30:209-214.

Lowrie W., and Alvarez, W., 1981. One hundred million years of geo-
magnetic polarity history. Geology, 9:392-397.

Lowrie, W., Channell, J. E. T., and Alvarez, W., 1980. A review of
magnetic stratigraphy investigations in Cretaceous pelagic carbon-
ate rocks. J. Geophys. Res., 85:3597-3605.

Lowrie, W, and Heller, F., 1982. Magnetic properties of marine lime-
stones. Rev. Geophys. Space Physics, 20:171-192.

McElhinny, M. W, 1973. Paleomagnetism and Plate Tectonics: Cam-
bridge (Cambridge Univ. Press).

Obradovich J. D., and Cobban, W. A., 1975. A time-scale for the Late
Cretaceous of the western interior of North America. In Caldwell,
W. G. E., (Ed.), Cretaceous System in the Western Interior of
North America. Spec. Pap. Geol. Assoc. Canada, 13:31-54.

Ogg, J. G., 1981. Sedimentology and Paleomagnetism of Jurassic pe-
lagic limestones: "Ammonitico Rosso" facies [Ph.D. dissertation].
Scripps Inst. Ocean., Univ. Calif. San Diego, La Jolla.

, in press. Early Cretaceous magnetostratigraphy of sediments
in the western Central Atlantic, DSDP Sites 603 and 534. In Wise,
S., van Hinte, J., et al., Init. Repts. DSDP, 93: Washington (U.S.
Govt. Printing Office).

Opdyke, N. D., and Henry, K. W., 1969. A test for the dipole hypoth-
esis. Earth Planet. Sci. Lett., 6:138-151.

Pechersky, D. M., and Khramov, A. N., 1973. Mesozoic paleomagnet-
ic scale of the USSR. Nature, 244:499-501.

Shipboard Scientific Party, 1981. Site 462: Nauru Basin, western Pa-
cific Ocean, Deep Sea Drilling Project Leg 61. In Larson, R. L.,
Schlanger, S. O., et al., Init. Repts. DSDP, 61: Washington (U.S.
Govt. Printing Office), 19-394.

643



J. G. OGG

Steiner, M. B., 1977. Magnetization of Jurassic red deep sea sediments
in the Atlantic (DSDP Site 105). Earth Planet. Sci Lett., 35:

Appendix (continued).

205-214.
, 1981a. Paleomagnetism nf the f>etq<w>ll* sertinn. Site 46?

In Larson, R. L., Schlanger, S. O., et al., Init. Repts. DSDP, 61:
Washington (U.S. Govt. Printing Office), 711-716.

, 1981h Paleomagnetism nf the igner>ns complex Site 467
In Larson, R. L., Schlanger, S. O., et al., Init. Repts. DSDP, 61:
Washington (U.S. Govt. Printing Office), 717-729.

Steiner, M. B., Ogg, J. G., Melendez, G., and Sequeiros, L., in press.
Jurassic magnetostratigraphy: 2. Middle-late Oxfordian of Aqui-
lon, Iberian Cordillera, northern Spain. Earth Planet. Sci. Lett.

Tucker, P., 1984. Magnetic remanence acquisition in IPOD Leg 73 sed-
iments. In Hsü, K. J., La Brecque, J. L., et al., Init. Repts. DSDP,
73: Washington (U.S. Govt. Printing Office), 663-672.

Tucker, P., and Tauxe, L., 1984. The downhole variation of the rock-
magnetic properties of Leg 73 sediments. In Hsü, K. J., La Brecque,
J. L., et al., Init. Repts. DSDP, 73; Washington (U.S. Govt. Print-
ing Office), 673-685.

Vandenberg, J., and Wonders, A. A. H., 1980. Paleomagnetism of
late Mesozoic pelagic limestones from the Southern Alps. J. Geo-
phys. Res., 85:3623-3627.

Verosub, K. L., 1977. Depositional and post-depositional processes in
the magnetization of sediments. Rev. Geophys. Space Physics, 15:
129-143.

Vogt, P. R., and Einwich, A. M., 1979. Magnetic anomalies and sea-
floor spreading in the western North Atlantic, and a revised cali-
bration of the Keathley (M) geomagnetic reversal chronology. In
Tucholke, B. E., Vogt, P. R., et al., Init. Repts. DSDP, 43: Wash-
ington (U.S. Govt. Printing Office), 857-876.

Whitman, J. M., 1981. Tectonic and bathymetric evolution of the Pa-
cific Ocean basin since 74 Ma [Master's thesis]. University of Mi-
ami, Florida.

Date of Initial Receipt: 26 July 1984
Date of Acceptance: 14 January 1985

APPENDIX
Inclinations of Characteristic Directions, Polarity and Reliability

Rating for Paleomagnetic Samples

Inclination of
Lithologic characteristic

unit, Core-Section, direction Reliability/
age interval in cm (degrees) Polarity comments

Hole 585

Unit 2 15-1,53 14.1 R B
1. Paleoc. 15-1, 65 3.5 R A

15-1,80 - 7 . 5 R A
15-1, 123 7.8 R A
16-1,4 8.1 N B
16-1, 38 6.8 N A
16-1,72 1.0 R B

Maest. 16-1, 113 1.0 N A
16-1, 129 - 1 . 1 N A
17-
17-
17-
17-

Unit 3 18-
18-
18-
18-
18-
19-
19-

, 58 10.1 N A
, 118 1.3 N A
, 145 - 1 . 0 N A

>, 12 - 4 . 8 N A
, 28 26.5 ? C Overprint

I, 63 0.5 N A
I, 70 1.0 N A
, 137 0.3 N A

>, 6 - 1 1 . 2 N A
, 6 6.3 N A
, 38 13.2 N A

20-1, 14 - 1 7 . 3 N A
20-2, 49 - 1 4 . 4 N A
20-2,89 - 1 8 . 5 N A

1. Camp. 20-3, 12 - 8 . 3 N A
20-3,91 - 1 1 . 8 N A
20-3, 141 - 1 1 . 2 N A

Unit 4
Camp. 21-1,20 - 3 . 4 N A

21-1,45 - 2 . 2 N A

Lithologic
unit,
age

Hole 585 (Cont.)

Sant.
Subunit 5 a

Sant.-Coniac.
Subunit 5b

Tbr.

1. Cenom.

m. Cenom.
Subunit 5c

1. Albian

m. Albian
Subunit 6a

Subunit 6b

e. Albian

Core-Section,

interval in cm

26-1, 69
'27-1, 27
27-1, 59
27-1, 130
27-2, 26
27-2, 100
27-3, 50
27-3, 103
27-4,4
28-1, 73
28-1, 122
28-2, 62
28-2^ 133
28-3, 87
28-3, 146
28-4, 69
28-4, 112
28-5, 8
28-5, 34

29-1, 74
29-1, 116
zy-z, 3z
29-2, 8130-1, 19
30-1, 26
30-1, 125
31-1, 28
31-1, 96
31-2, 62
31-2, 68
31-3, 142
31-4, 21
31-4, 58
32-1, 29
32-1, 75
32-2, 107
32-3, 113
32-4, 11
32-4, 81
32-5, 7

34-1, 30
34-1, 41
34-1, 54
34-1, 75
34-2, 18
34-2, 119
34-3, 41
35-1, 24
35-1, 72
35-2, 16
35-2, 47
35-2, 78
36-1, 24
36-1, 43
37-1, 17
39-1, 37
42-1, 10
42-1, 50
42-2, 57
43-1, 20
43-2, 7
43-4, 130
43-5, 72
44-1, 120
44-2, 32
44-3, 67
44-4, 62
44-5, 103
45-1, 36
45-2, 94
45-3, 59
45-3, 114
46-1, 68
46-2, 91
46-3,42
46-4, 76
47-1, 27

Inclination of
characteristic

direction
(degrees)

-23.1
-3 .3
- 0 . 7

- 3 5 . 3
- 7 . 0

- 3 4 . 1
16.4
7.1

- 3 7 . 5
- 1 0 . 8

—10.5
- 4 . 5
- 5 . 2
- 7 . 3
- 4 . 5
- 9 . 4

- 1 4 . 3
- 2 2 . 0
- 1 5 . 8

- 1 8 . 8

0.5
-> Q
J .V

- 2 1 . 2
- 2 8 . 2
- 2 2 . 8
- 1 4 . 6

- 16.4
- 5 . 6
- 6 . 2
- 6 . 2

- 1 3 . 4
- 3 4 . 6

- 1 5 . 3
- 1 7 . 7
- 1 9 . 6
- 1 2 . 8
- 1 1 . 2
- 1 0 . 2

- 7 . 3
- 1 2 . 0

- 1 4 . 7
- 1 0 . 7
- 1 0 . 0
- 1 1 . 1
- 1 8 . 5

- 15.9
- 1 5 . 4

- 5 . 7
- 1 2 . 4

- 6 . 9
- 1 7 . 8

- 8 . 8
- 2 2 . 7
- 2 1 . 0
- 3 4 . 2
- 2 0 . 5
- 3 3 . 3
- 2 4 . 6
- 3 1 . 7
- 2 8 . 7
- 1 6 . 7
- 1 8 . 6

- 2 . 8
- 1 1 . 2
- 2 6 . 0
- 1 1 . 8
- 2 0 . 0
- 3 5 . 6
- 4 1 . 0
- 2 7 . 5
- 1 3 . 1
- 2 8 . 0
- 2 4 . 9
- 2 4 . 1
- 3 7 . 3
- 2 0 . 7
- 4 0 . 3

Polarity

N
N
N
N
N
N
R?
R?
N
N

N
N
N
N
N

N
N
N
N

N

N
NJ
IN

N
N
N
N

N
N
N
N
N
N

N
N
N
N
N
N
N
N

N
N
N
N
N

N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N

Reliability/
comments

A
A
A
A
B
A
C
C
A
A

A
B
B
A
A

A
A
A
A Was inverted

A

A
A

/ \

A
A
A
A

A
A
A
A
A
B

A
A
A
A
A
A
A
A

A
B
B
B
B

A
A
A
B
A
A
A Was inverted
A
A
A
A
B
B
A
A
A
A
B Drift
A
A
B Drift
B
B Sandstone
A
A
A
A
A
A
A
A
A
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Appendix (continued). Appendix (continued).

Lithologic
unit,
age

Hole 585 (Cont.)

e. Alb.-
1. Apt.

Hole 585A

Unit 1
e. Miocene

Unit 2
e. Eocene
Paleoc.

Maest.

Unit 5
Santonian

Turonian

Core-Section,
interval in cm

47-1, 52
47-2, 32
47-2, 128
47-3, 5
47-4, 28
49-1, 52
49-3, 73
49-5, 109
69-4, 74
50-1, 135
50-2, 39
50-2, 71
50-3, 68
50-3, 85
50-4,8
51-1, 96
51-2,51
51-3, 13
51-3, 75
51-4, 25

52-1, 115
52-2, 130
52-3, 31
53-2, 94
54-2, 85
54-3, 41
55-1, 5
55-1, 79
55-2, 117
55-4,40
55-5, 30
55-5, 78

Hl-1, 67
Hl-1, 92
Hl-1, 113
Hl-1, 133

Hl-2, 104
1-1,66
1-1,91
1-1, 122
1-1, 138
1-2, 17
2-1, 16
2-1, 30
2-1, 59
2-1, 90
3-1, 37
3-1, 123
3-2, 19

5-1, 47
5-1, 113
5-2, 17
5-2, 123
6-1, 145
6-2,9
6-2, 37
7-1, 23

Inclination of
characteristic

direction
(degrees)

-50.8
-41.9
-39.2
-40.7
-33.7
-18.6
-39.8
-31.7
-21.3
-25.3
-14.2
-13.8
-28.1
-21.5
-19.3
-8.7

-17.4
-19.4
-25.7
-44.8

-25.9
-25.2
-30.8
-25.8
-29.3
-24.2

21.1
-20.6
-34.5
-14.1
-45.0
-30.3

10.8
13.6
8.2
9.5

-7 .5
22.9
25.0
10.0

-1.5
6.0

-6.6
-6.0

4.5
-5 .5
15.8
8.2

-19.5

-12.4
-9.3

-18.9
-6 .8

-10.2
-17.1
-7 .0
-9.6

Polarity

N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N

N
N
N
N
N
N
9

N
N
N
N
N

N
N
N
N

N
N?
R?
N?
N?
R
N
N
N
N
N
N
N

N
N
N
N
N
N
N
N

B
B
B
A
A
A
A
A
A
A
A
A
A
B
A
B
B
A
A
A

A
A
A
A
B
A
C
A
B
A
B
A

B
B
B
B

A
C
C
C
C
A
B
B
B
B
B
B
A

A
A
A
A
A
A
A
A

Reliability/
comments

Sandy
Drift
Drift

Inverted?

Drift

Drift

(Chron 24?)
(25R?)
(Chron 25?)

(Chron 28?)

(Chron 29?)

Lithologic
unit, Core-Section,
age interval in cm

Hole 585A (Cont.)

7-2, 71
7-3, 39
7-4, 37
8-1, 57
8-1, 102
8-2,9
8-2, 30
8-2, 109

1. Cenom. 9-1, 118
9-2, 13
10-1, 48

Unit 6
e. Albian H5-1, 31

H5-1, 65
H5-2, 3
H5-3, 41
H5-3, 99
H5-3, 134
H5-4, 26
H5-4, 97
H5-4, 141
H5-5.4

1. Aptian 11-1,133
11-2,30
11-4,92
11-4, 139
11-5, 57
12-3, 121
12-4, 35
12-4, 130
12-5, 42
12-5, 93
12-6, 95
13-1, 80
13-1, 130
13-2, 64
13-3, 86
14-3, 12
14-3, 56
14-4,64
14-4, 72
14-4,94
14-4, 135
14-5, 56
15-2, 18
15-3, 10
15-3, 127
15-4, 120
15-5, 123
16-1, 16
16-1, 114
16-2, 48
16-2, 125
16-3, 123
16-4, 21
17-1, 22
17-1, 138
17-4, 27
17-4, 43
17-4, 47
17-5, 8
18-1, 30
21-1, 29
21-2, 125
22-1, 99

Inclination of
characteristic

direction
(degrees)

-8.2
-7 .2
10.6

-18.6
-23.4
-32.1
-25.1
-25.2
-0.6

-29.2
-21.3

-29.5
-18.8
-39.6
-23.9
-20.8
-28.6
-14.6
-29.6
-38.7
-28.5
-36.1
-45.8
-3 .2

-17.2
-39.5
-29.5
-29.0
-34.3
-25.4
-29.8
-28.5
-34.9
-24.5
-34.1
-30.2
-27.8
-27.4
-20.2
-14.1
-23.0
-38.5
-14.5
-37.4
-19.6
-20.3
-35.1
-12.1
-27.3
-26.2
-39.8
-33.4
-39.5
-41.7
-41.5
-42.5
-30.6
-32.8
-38.2
-39.3
-37.3
-42.8
-39.3
-73.5

Polarity

N
N
N?
N
N
N
N
N
N
N
N

N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N

Reliability/
comments

A

A
C Inverted?
A
A
A
A
A
B
B Was inverted
A

B
B
B
A
A
A
A
A
B
A
A
B
A
A
B
B
A
A
A
B
A
A
A
A
A
A
B
A
A
A
A
B
A
A
A
A
A
A
A
B
A
B
B
B
B
B
A
B
A
B
B
B
C Sandstone
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